F or much of the latter half of the 20th century, new road systems, large-scale mining, and agricultural expansion were major drivers of deforestation and ecosystem degradation throughout the Amazon Basin. Designation of federal and state protected areas has long been the principal conservation response to these drivers, with 1.7 million km 2 (roughly 22% of the Amazon Basin) now under some form of protected area status (RAISG 2016) . In addition, a vast network of at least 2344 Indigenous territories are legally recognized within the Amazon and are known to benefit ecosystem conservation and carbon storage (Walker et al. 2014) . While approximately 27% of national protected areas intersect to some extent with Indigenous lands in South America, the designation of Indigenous territories represents the culmination of decades of struggle for the formal recognition of the customary land rights of Indigenous peoples (Cisneros and McBreen 2010) . Cumulatively, Indigenous territories comprise >2.2 million km 2 , about 30% of the Amazon Basin (Gullison and Hardner 2018) .
However, recent trends in energy development have created unanticipated areas of concern -or "blind spots" -for Amazon ecosystem conservation. Beyond roads and agriculture, an additional driver of change is expanding energy development: specifically, the proliferation of new hydropower dams and increased oil and gas exploration, which has already transformed many areas of the Amazon. These new energy development projects are motivated by several factors. Many large infrastructure projects are part of the Initiative for the Integration of Regional Infrastructure of South America (IIRSA), a plan proposed in 2000 by the Union of South American Nations to transform the Amazon River into a source of hydropower and multimodal transportation (Walker and Simmons 2018) . Other projects have been proposed or developed as ways to meet the increasing energy demands in Amazonian countries (Colombia, Ecuador, Peru, Bolivia, Brazil, Venezuela, Guyana, Suriname, French Guyana) , as tools for political gains, or as opportunities for foreign investment. New energy development could trigger irreversible alterations to protected areas and Indigenous territories, and has highlighted the need to strengthen or modify prevailing conservation strategies in the Amazon (Fraser 2017; Anderson et al. 2018; Harfoot et al. 2018) .
Energy development reveals blind spots for ecosystem conservation in the Amazon Basin

CONCEPTS AND QUESTIONS
We examine three "blind spots" in Amazon ecosystem conservation that are linked directly to new energy development. First, we describe how the exclusion or limitation of subsurface rights on Indigenous lands, driven primarily by energy exploration interests, presents a challenge for ecosystems and native Amazonian peoples. We then build on previous studies that have highlighted the vulnerability of Amazonian freshwater ecosystems to energy-related activities and the absence of frameworks for their protection (Castello and Macedo 2016) . We emphasize the role of energy development in protected area downgrading, downsizing, and degazettement (PADDD), and in reclassification of Amazonian reserves and Indigenous territories (Pack et al. 2016) . Finally, we provide recommendations for addressing the challenges of energy development to Amazonian ecosystems and the people that depend on them ( Figure 1 ) through existing policies, new opportunities, and international collaboration.
Protection for Indigenous lands excludes subsurface mineral rights
The lack of subsurface mineral rights often associated with recognized Indigenous territories presents a dilemma for conservation of Amazonian ecosystems, in light of increasing oil and gas development. Areas of the western Amazon region where fossil-fuel reserves overlap with Indigenous territories and protected areas are vulnerable to conflicts caused by the ecological and social impacts of oil development (Figures 2 and 3; Harfoot et al. 2018) . To varying degrees, Indigenous Amazonian peoples have made gains in acquiring legal land rights, which are defended by the UN Declaration on the Rights of Indigenous Peoples (UNDRIP; Cycon 1991) . Previous studies have shown lower rates of deforestation and fires on legally titled Indigenous lands (Nepstad et al. 2006; Adeney et al. 2009 ). However, in most national contexts, Indigenous territorial title pertains to surface rights only, with the state often retaining subsurface mineral rights (Davis 2013; Blackman et al. 2017) . In Ecuador, for example, Indigenous peoples have communal and community land rights but do not hold subsurface rights, which are retained by the state (Bremner and Lu 2006) . Similarly, in Brazil, subsurface rights are maintained by the state because mineral extraction is considered relevant to the "public interest" (Davis 2013; Postigo et al. 2013) . In Peru, property rights are only granted for small areas of agricultural land use or forest; Indigenous peoples largely have use of or access to land owned by the state, which maintains rights to most forests and subsoil minerals (Monterroso et al. 2017) . Although the right of Indigenous peoples to Free, Prior and Informed Consent (FPIC) is enshrined in the UNDRIP, many Indigenous groups have struggled to prevent oil development within their territories, as the UNDRIP is not legally binding and is therefore difficult to enforce. Furthermore, government interests are often less aligned with the interests of Indigenous peoples than with those of energy development, which generates state royalties (Hite 2004) .
Oil development operations have had major impacts in protected areas and Indigenous territories throughout the Amazon (Figure 4 ; Harfoot et al. 2018) . The extraction of oil is associated with spills and wastewater discharge, which are damaging to terrestrial and aquatic systems (Azevedo-Santos et al. 2016) , often for many years after operations have ceased or following a spill (Fraser 2016 (Fraser , 2018 . The flaring of natural gas, which frequently rises to the surface during the oil extraction process, is intended to relieve pressure on drilling equipment but can contaminate air locally and cause forest fires (San Sebastián and Hurtig 2004) . Communities living in proximity to oil development also suffer from adverse health impacts. Studies of Indigenous communities along Peru's Corrientes River have documented cases of chemical exposure as a consequence of subsistence diets based on fish or wildlife that consume water or soils contaminated with oil (Orta-Martínez et al. 2018; Rosell-Melé et al. 2018) . Health impacts associated with oil and gas drilling in the Ecuadorian Amazon include elevated rates of miscarriages, diarrhea, gastritis, and various forms of cancer (San Sebastián and Hurtig 2004) . In addition, road building, pipeline construction, and infrastructure development facilitate colonization, logging, hunting, and agricultural expansion, which further degrade and destroy forests beyond the site of extraction (Finer et al. 2008; Suárez et al. 2013; Lessmann et al. 2016) . Furthermore, most of the current knowledge about the effects of oil spills and remediation measures derives from marine environments and temperate countries; the variable water chemistry, seasonal flooding regimes, and clay soils typical of many Amazonian lowland ecosystems make the research approaches commonly applied elsewhere unsuitable for Amazonian environments (Fraser 2018 ).
Absence of frameworks for freshwater conservation
Despite being the world's largest freshwater system, there is a lack of specific frameworks for conservation of aquatic environments and their biodiversity in the Amazon River Figure 1 . The Amazon River Basin is the world's largest fluvial system and home to more than 30 million people, many of whose lives and livelihoods are influenced by these rivers. However, most legal and institutional frameworks for conservation in the Basin focus on terrestrial areas.
A del Campo, The Field Museum Basin at regional, national, and international scales (Castello et al. 2013) . Rivers and freshwater biodiversity have long been neglected in many conservation initiatives, and delineating the boundaries of most Amazonian protected areas has focused on representation of terrestrial ecosystems. As such these boundaries often do not align with those of natural hydrologic units like watersheds (Castello and Macedo 2016) . River sources typically lie outside of or form the borders of Amazonian protected areas. Even in protected areas where freshwater ecosystems are included as conservation targets (eg Peru's Tambopata National Reserve), actual protection of those ecosystems is challenged by upstream or downstream threats. Of all Amazonian countries, only Colombia has instituted legal recognition of rivers as conservation objects (as part of its Protected River framework; Andrade 2011). Ecuador established legal recognition of "hydrologic protection areas" under its 2014 Water Law, but no freshwater reserves have been established under the country's national system for protected areas.
To date, none of the Amazonian countries have ratified the UN Convention on the Law of International Watercourses (commonly referred to as the UN Watercourses Convention; UNWC), which applies to non-navigational uses of freshwater and promotes measures of protection and management of international watercourses. Furthermore, although all Amazonian countries are signatories to the Ramsar Convention, as of 2017 only 79,373 km 2 of the estimated 800,000 km 2 of Amazonian lowland wetlands have been designated as Wetlands of International Importance. Of those wetlands designated as Ramsar sites, many lack appropriate management, as illustrated by two examples from the Peruvian Amazon: (1) wetlands in Pacaya Samiria National Reserve continue to be managed using a terrestrial approach despite Ramsar status, and (2) no management actions have been taken by Peruvian authorities for the Abanico del Pastaza -which, though not a protected area, is a Ramsar site -15 years after its designation (M Montoya, unpublished data).
The Amazon is a global center of freshwater diversity, much of which remains understudied and vulnerable to the impacts of human activities. For example, 2258 obligate freshwater fish species have been recorded in the Amazon Basin (www.amazon-fish.com), although an estimated 3000-4000 species may occur there (Reis et al. 2016 ). However, conservation initiatives aimed at freshwater species are relatively limited as compared with those for Amazonian terrestrial fauna, and freshwater species often lack the same degree of protection as terrestrial species under existing legal and institutional frameworks. In Peru and Ecuador, for instance, freshwater fishes are managed under the jurisdiction of the country's Ministry of Production, and are therefore excluded from protections offered to other native flora and fauna considered under the Ministry of the Environment. In Brazil, recent studies have shown that existing protected areas in the Brazilian Amazon do not overlap with areas of high conservation value for freshwater fishes, resulting in inadequate legal protection for freshwater fauna (Frederico et al. 2018) . Fishes and other freshwater biota within the existing Amazonian protected area network are vulnerable to the influence of activities occurring in upstream or downstream areas beyond the boundaries of the protected areas (Castello and Macedo 2016) .
In the absence of adequate frameworks for conservation, the current proliferation of hydropower dams and oil and gas development in the Amazon threatens the integrity of Amazonian freshwater ecosystems and their biodiversity. New dam construction has introduced physical barriers in river channels and altered river flow regimes, which in turn have affected freshwater biota ( Figure 5 ). The Santo Antonio Dam and the Jirau Dam, both on the Madeira River, began operations in 2012 and 2016, respectively, and have already limited the movement of long-distance migratory fish species , GeoBolivia, and Servicio Nacional de Áreas Protegidas); Indigenous territories (Instituto SocioAmbiental, Rede Amazônica de Informação Socioambiental Georreferenciada [RAISG], GeoBolivia, and SIGOT Colombia); oil and gas blocks (Brazil Agência Nacional do Petróleo, Bolivia Agencia Nacional de Hidrocarburos, SIGOT Colombia, and Finer et al. [2015] ); dams (Anderson et al. [2018] and Brazil Agência Nacional de Energia Elétrica). (Duponchelle et al. 2016; Cella-Ribeiro et al. 2017 ). In the Andean Amazon (the regions of Colombia, Ecuador, Peru, and Bolivia that fall within the Amazon Basin), dams are disrupting critical geomorphological processes such as river meandering and floodplain formation for thousands of kilometers downstream (Latrubesse et al. 2017; Anderson et al. 2018) , with detrimental consequences for floodplain agriculture and fisheries (Coomes et al. 2010 (Coomes et al. , 2016 . Conversely, while dams disrupt Amazonian hydrologic connectivity, this same property amplifies oil spill impacts, as rivers transport pollutants and thermally altered water far from the source point (Azevedo-Santos et al. 2016) . With increasing petroleum development, oil spills have become more common in the Amazon, as evidenced by disturbances along the Marañón River in 2014 and 2016 (Fraser 2014 (Fraser , 2016 Mega 2016) and numerous spills in the Ecuadorian Amazon over the past 30 years (Kimerling 2013 ). These episodes have resulted in massive fish kills, with cascading effects on other organisms through disruptions to food webs and community structure (Kingston 2002; Fraser 2014; Azevedo-Santos et al. 2016) . Given the possibility of toxin bioaccumulation in food webs, oil spills may have long-lasting (>30 years) effects.
Energy development and PADDD
Another challenge facing conservation of Amazonian ecosystems and biodiversity is the link between PADDD and energy development. In the Brazilian Amazon, for example, PADDD has occurred with greater frequency since 2008, with electricity generation and transmission (especially hydropower) being the primary driver of change (Bernard et al. 2014; Pack et al. 2016) . Between 2010 and 2012, generation and transmission of electricity was the reason for the downsizing/ downgrading of 19 unidades de conservação (conservation units) or other protected areas (Bernard et al. 2014 ). In addition, few protected areas are immune to the influence of existing or proposed large dams (Ferreira et al. 2014) . These actions highlight the Brazilian Government's preference for energy generation and transmission over Amazon biodiversity conservation, and could jeopardize Brazil's commitment to international conventions on biological diversity and climate change (Hermoso 2017) . Plans to develop infrastructure projects such as hydropower dams have intensified under new Brazilian President Jair Bolsonaro, who has made Amazonian development a core platform of his administration (Artaxo 2019; Walker 2019) .
Amazonian countries differ in regard to fossil-fuel extraction in protected areas. Colombia does not permit exploitation within national parks, but oil and gas development blocks have been granted along the borders of protected areas and Indigenous territories. Peru limits fossil-fuel development in national parks, but oil and gas extraction is permitted in national reserves, and the potential for gas development has already led to discussions about downsizing of some of the country's national parks (Sarkar and Montoya 2011) , as well as proposed modifications to the Hydrocarbon Law (Ley de Hidrocarburos) that would allow for extraction of oil and gas from protected areas characterized by strict levels of protection (García Olano 2017). Oil and gas development is permitted in the national parks of Ecuador and Bolivia (Finer et al. 2008) . In Ecuador, oil extraction is considered a national priority and therefore supersedes (in legal terms) other laws or international conventions under the nation's 2008 Constitution. There is a long history of oil and gas development in Bolivia (since the 1970s), and the Bolivian government recently passed legislation permitting fossil-fuel extraction in protected areas and national parks (Hindery and Hecht 2013) . Fossil-fuel development in the region has resulted in water and soil contamination, with serious health and livelihood implications for local communities (Finer et al. 2008) , and these impacts have caused disputes about extractive forms of development in protected areas and Indigenous territories.
The recent controversy over Yasuní National Park in Ecuador illustrates the linkage between energy development and PADDD. Yasuní National Park has been designated as a UN Educational, Scientific and Cultural Organization (UNESCO) World Heritage site and is one of the most biodiverse places on Earth (Bass et al. 2010) . It is also home to several Indigenous groups, mainly the Waorani and Kichwa, as well as those in voluntary isolation, such as the Tagaeri and Taromenane (Larrea and Warnars 2009) . Yasuní also contains one of Ecuador's largest oil reserves. In 2007, Ecuador's thenpresident Rafael Correa proposed the Yasuní-Ishpingo-Tambococha-Tiputini (Yasuní-ITT) initiative, an ambitious project to keep oil underground in the ITT oil-block region of the park in exchange for half of the opportunity costs of the oil . But in the absence of sufficient financial support from the international community, the Ecuadorian government announced in 2013 that oil development would be permitted in Yasuní-ITT, and oil-related operations were initiated in 2016 (Sovacool and Scarpaci 2016).
Addressing these blind spots
Recent studies have documented contemporary shifts in deforestation dynamics and identified a potential tipping point for deforestation, beyond which major alterations in Amazonian climatic and ecological systems are expected (Lovejoy and Nobre 2018) , underscoring the importance of developing new strategies for Amazonian conservation. As shown above, there is a need for governments, communities, scientists, donors, and non-governmental organizations (NGOs) to view Amazonian ecosystem conservation through a new lens in response to current trends in energy development.
To that end, we suggest means to address some of the challenges that energy development represents for the people and ecosystems in the Amazon Basin.
Increase the recognition of Indigenous cultures
There is a widespread need for governments and civil society to better understand the hundreds of Indigenous cultures that inhabit the Amazon, and to strengthen and support alliances with and between Indigenous peoples (with the exception of uncontacted tribes; Fraser 2017). The deep, reciprocal relationships that Amazonian Indigenous cultures have with surrounding ecosystems offer some of the strongest opportunities and assets for achieving conservation goals in the face of energy development, and provide a reason to conserve these ecosystems in the first place. Yet such relationships remain largely unappreciated by outsiders to those cultures. For example, rivers are linked to the cultures and worldviews of many Amazonian Indigenous groups. The Shawi, who live near Peru's Cordillera Escalante, recognize rivers as energizing forces that facilitate connection with and sustain ancestors (Figure 1 ; Huertas Castillo and Chanchari 2012). The Kukama, who live near the confluence of the Marañon and Ucayali rivers in the western Amazon, believe that underwater cities provide shelter to drowned relatives and view certain freshwater environments, such as oxbow lakes, as sacred. These cultural connections are being leveraged by the Kukama, NGOs, and scientists to call for reconsideration of Chinese-Peruvian plans for the development of an Amazonian Waterway (Hidrovía Amazónica) that would dredge hundreds of kilometers of the Marañón and other rivers (Fraser and Tello Imaina 2015) . Similarly, in Brazil, an Indigenous movement led by the Munduruku people -based on their desire to assert tribal rights to natural resources and to cease infrastructure projects threatening those rights -recently helped bring about the suspension of construction plans for the São Luiz do Tapajós Dam (8000 megawatts), which had been proposed as a centerpiece of a major hydroelectric scheme in the Tapajós River (Walker and Simmons 2018) . These and other such efforts help illuminate cultural connections to Amazonian ecosystems and demonstrate how they can be used as a tool for conservation.
Grant subsurface mineral rights
The territorial rights of Indigenous peoples should be legally strengthened in all Amazonian countries to include subsurface mineral rights, thereby potentially protecting culturally and ecologically important areas from the impacts of fossil-fuel development. Many Indigenous peoples (eg the Kichwa community in Sarayaku, Ecuador) are adamantly opposed to fossilfuel development in their territory (Riofrancos 2016) . Shifts in the political climate in individual countries toward Indigenous peoples -exemplified by Brazilian President Bolsonaro attempting to transfer administrative responsibilities for Indigenous lands from the Ministry of Justice to the Ministry of Agriculture during his first months in office -underscore the importance of international, pan-Amazonian alliances for conservation, and for the recognition and support of Indigenous people and their territorial rights (Artaxo 2019; Walker 2019) .
In the absence of subsurface mineral rights for Indigenous peoples, major improvements in consultation processes -with inputs from both government bodies and Indigenous groupsare needed prior to fossil-fuel development, wherein Indigenous people have greater authority to deny advancement of fossil-fuel projects that threaten culturally and ecologically times a year from a single pipeline. The impacts of these events can affect Amazonian ecosystems and the people that depend on them for many years afterward. Used with permission.
important areas. Improved consultation processes should be backed by more stringent enforcement by national governments, in collaboration with civil society. UNDRIP, as an international standard for consultation, requires FPIC in all projects that affect Indigenous peoples' rights to land, territory, and resources (Article 32) and asserts that there is an obligation to obtain consent in cases where there is relocation of Indigenous groups (Article 10) or storage/disposal of hazardous materials on Indigenous peoples' land (Article 29).
Given the rapidly shrinking carbon budget, especially under the stricter Paris Agreement target of limiting global temperature increases to 1.5°C, approximately 83% of economically accessible fossil-fuel reserves must remain unburned and underground (Benedikter et al. 2016) . Addressing this issue would have important effects not only for Amazon biodiversity conservation, but also for climate-change mitigation through the reduction of carbon emissions resulting from deforestation, forest degradation, and fossil-fuel combustion. Indigenous peoples could be compensated for climate-change mitigation in forest funds like the Green Climate Fund (Brechin and Espinoza 2017), which would provide Indigenous communities with support for sustainable development, thereby reducing incentives to permit oil drilling in their territories and to better ensure that fossil fuels are left underground.
Establish protection for freshwater systems
Governments, donors, scientists, NGOs, and civil society must direct greater attention toward establishing effective protection for freshwater ecosystems at national and international scales, and at the level of individual protected areas (Castello and Macedo 2016) . At a minimum, the federal governments of all Amazonian countries should consider becoming signatories to the UNWC, collectively work to increase the extent of Ramsardesignated wetlands in the Amazon, and ensure effective management of existing Ramsar sites. Development of a basin-wide framework for aquatic ecosystem conservation should be a goal for the immediate future, which could make use of the existing Amazon Cooperation Treaty (ACT) as a framework for international collaboration. This framework should specify roles for environment-, fisheries-, and water-related authorities in individual countries, and recognize the multidimensional connectivity of freshwater systems along longitudinal, lateral, and vertical pathways, as well as the importance of Andes-to-Amazon fluvial linkages. Governments of all Amazonian countries could also explore opportunities for creating new legal frameworks for protecting flowing water systems; recent policies in Colombia and Costa Rica that restrict hydropower development on certain rivers could provide models for new legislative frameworks to address potential impacts of proposed hydroelectric dam projects in Amazonian countries (Andrade 2011; MINAE 2015) .
Because the borders of most of the protected areas in the Amazon do not align with river basin boundaries, the majority of freshwater species are vulnerable to upstream or downstream threats. Therefore, where possible, existing protected areas could be expanded to cover greater extents of river basin area, or at least to include areas of importance for freshwater species (Abell et al. 2017) . For existing protected areas, we recommend that relevant government authorities (eg environment-related ministries and agencies) revisit management plans to better consider freshwater ecosystems through identification of specific conservation targets, development of monitoring plans, and increased coordination with other government authorities (eg fisheries, water, transportation, and energy-related agencies). Finally, an integrated, multisectoral, and multiscale management approach is needed for all protected areas to improve conservation of freshwater ecosystems (Castello and Macedo 2016) .
Limit energy and infrastructure development in protected areas
Governments of Amazonian countries should declare all or most categories of protected areas in the Amazon off-limits for energy and large-scale infrastructure development. Decades of research have shown that well-managed protected areas in the Amazon can reduce deforestation, buffer against potential climate change, and achieve biodiversity conservation goals (Walker et al. 2009; Soares-Filho et al. 2010) . In contrast, decades of scientific study have also documented the detrimental effects of oil and gas development, and of hydroelectric dams, on Amazonian terrestrial and aquatic biodiversity (Finer et al. 2008; Castello and Macedo 2016) . PADDD, whether as a consequence of energy development or other factors, needs to be governed by stringent policies similar to those that guide the initial establishment of protected areas. Examples of new computational approaches -through the nascent field of computational sustainability -show promise for the development of robust, multicriteria decision-support tools that can be applied at the scale of the Amazon Basin to optimize future energy projects while supporting the conservation for protected areas (Wu et al. 2018 ).
Proclaim the importance of freshwaters and Indigenous communities to conservation
Finally, there is an urgent need for a widespread, global campaign to acknowledge the importance of Amazonian freshwater systems and the uniqueness of Amazonian Indigenous communities. The case for Amazon forest conservation and the concept of intact, standing forests as conservation objects are well-recognized worldwide, including legal frameworks in support of their conservation in all Amazonian countries. Support from governments of Amazonian countries and the international conservation community -including large influxes of donor fundshelped double the size of Amazonian protected areas since 2000 (RAISG 2016; Gullison and Hardner 2018) . Similar advocacy for the importance of Indigenous territories and for strengthening those communities that are vulnerable to the pressures created by energy development is necessary from all levels of society in light of current trends in energy development (Gullison and Hardner 2018) . Several networks of South American and international scientists have recently formed to examine the implications of energy development for Amazonian people and ecosystems, particularly freshwater systems; examples include the Amazon Dams Network (www. amazo ndams netwo rk.org), the Amazon Computational Sustainability working group (https ://impac tsofd ams.wordp ress. com), and the Amazon Waters Initiative (www.amazo nwate rs.org). These scientists are well placed to advise governments on conservation strategies for Amazonian freshwater systems, drawing upon the latest science and the strengths and assets of human populations in riparian areas.
Conclusion
Addressing these challenges to Amazon conservation is essential for securing the future of the Amazon's biological and cultural diversity, and for maintaining critical, globalscale processes of carbon storage and sequestration provided by Amazonian ecosystems. Destruction of the Amazon is not a solution to economic or political problems. Lovejoy and Nobre (2018) called for strict limitation of Amazonian deforestation to less than 20% of the original extent of the forest area as a margin of safety against a tipping point for deforestation-generated degradation of the hydrologic cycle. Similar analyses are underway to determine potential thresholds or tipping points for fragmentation of Amazonian freshwater ecosystems. The risks associated with energy development in the Amazon Basin must be considered if we are to meet these globally important conservation goals.
